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TABLES OF THERMIONIC PROPERTIES OF THE ELEMENTS AND COMPOUNDS 
by Kenneth Carr 
Rose Polytechnic Institute 
Terre Haute, Indiana 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
The following compilation of thermionic and ( r e l a t e d )  proper t ies  of 
elements and compounds has been compiled f o r  t h e  convenience o f  those 
working i n  t h e  emission physics area. 
checked bu t  should not be used as referenceable information without con- 
firming t h e  value i n  t h e  o r i g i n a l  reference. 
The values l i s t e d  have been cu r so r i ly  
These t a b l e s  were compiled by Dr.  Kenneth Carr, Associate Professor o f  
Mechanical Engineering, Rose Polytechnic I n s t i t u t e ,  during t h e  1966 Case- 

















Table V I  
Table V I 1  
Subject 
Vapor pressures and e l e c t r m i c  propert ies  f o r  dol id  and 
l i q u i d  elements. 
Electronegat ivi ty  scale of t h e  elements. 
Heats of adsorption f o r  physical adsorption. 
Heats of  adsorption fo r  chemisorption. 
E l e c t r i c  dipole moments of elements and compounds. 
E l e c t r i c a l  and thermodynamic propert ies  of compounds. 
Elemental properties of re f rac tory  metals. 
13 Table V I 1 1  Electronic polar izabi l i ty ,  ionic  r a d i i ,  and heat of 
vaporization for various adsorbates. 
14 Table I X  Elemental properties of selected adsorbates. 
15 Table X Emission properties of various faces of tungsten s i n g l e  
c rys ta l .  
16  Table X I  Emission properties of chemical elements on substrates .  
18 Table X I 1  Emission properties of chemical compounds on substrates .  
20 Table X I 1 1  Minimum e f f e c t i v e  work functions for cesium systems. 
2 1  Table X I V  Work functions for optimum cesium coverage. 
22 Table XV Effect ive work functions of oxides. 
2 3  Table XVI Effect ive work functions of carbides and n i t r i d e s .  
24 Table X V I I  Number of adsorbtion sites. 
25 Table X V I I I  Selected vapor pressures. 
26 Table X I X  Work functions i n  c e r t a i n  crystallographic d i rec t ions  on 
molybdenum and tungsten. 
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TABLE 11. - ELECTRONEGATIVITY SCALE OF THE ELEMEWTS 
Element Atomic Chemical Elec t ro  - Element Atomic Chemical Ele c t r o  - 
symbol number qalence nega t iv i ty  symbol number valence nega t iv i ty  
(most s t a b l e )  scale* [4]  (most s t a b l e )  scale* [41 
H 
. He 
L i  
Be 





N e  
N a  
M g  
A 1  




A r  
K 
C a  
s c  
T i  
v 




N i  
cu 
Zn 
G a  
G e  




, R b  











I n  
Sn 












1 2  
13 
1 4  
15 
16 
1 7  
18 
1 9  
20 
2 1  
22 
2 3  
24  
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Tb 65 w 66 
Ho 67 
E r  68 
Tm 69 
Yb 70 
Lu 7 1  
Hf 72 
Ta 7 3  
W 74 






T 1  81 
Pb 82 
B i  83 
Po 8 4  
A t  85 
Rn 8 6  




Fa. 9 1  
U 92 
NP 9 3  
Pu 9 4  
Am 95  
Cm 96  
Bk 97 
C f  98 




4 2 . 1  
- 1  2 . 5  
0 
1 0 . 7  


















































2 . 4  
1 . 9  
1.8 
1.8 








1 . 7  
1.3 
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TABLE 111. - PHYSICAL ADSORPTION 
Metal 
Substrate  
Xeat of Adsorption AH i n  k cal/mole - Physical Adsorption 
A r  K r  N e  X e  He N2 co 
Ag 
Au 




N i  
yt 
R h  
Ta  


















3.6 [231 3.2 [161 
3.1 [16] 3.4 [l6] 
3.0 [46] 
4.5 i i 6 j  1.01 [iaj 3.0 [la] 3.38 [16] 3.6 [16] 
5.3 [13] 
5.9 [131 
< 4.5 [14] 
1.36 [43] 
3.46 [43] 




The values given i n  t h e  t a b l e  refer t o  t h e  common oxidation s t a t e s  of t h e  elements 
l i s t e d  i n  column 3. 
oxidation number is  observed. 
For some elements v a r i a t i o n  of t h e  e lec t ronegat iv i ty  with 
- 7- 
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c o m * m  
CDCDCDm 
Compound 
I n n r g m i c  
Al B r 3  
A1 I3 
A s  Cl3 
A s  F3 







H C 1  
H F  











K C 1  
KF 
K I  
Kr 
NF3 









TABLE V. - FZECTRIC DIPOLE MOMENTS OF COMPOUNDS 
5.14 
2.48 
1.59 + 0.01 
2.815-+ - 0.025 
0 




10.5 + 0.25 
10.2 






7.42 T 5.47 - 
- 
























( O K >  
. - - -  
--- 
380 - 470 --- 
193, 298 --- 
--- 
293 - 412 
273 - 356 --- 
--- 
873 
218 - 599 
201 - 589 
305 - 374 
245 - 346 
423 - 483 --- 
197 - 542 
674 - 743 
614 - 695 
599 - 701 






193 - 368 
274 - 457 
297 - 397 
9 50 
82, 298 
194 - 360 
266 - 444 --- 
c1 
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TABLE VIII, - SELFCTED DATA ON ADSORBATE ELEMEXTTS 
Mel t ing  B o i l i n g  Heat o f  vap-  Un iva len t  
p o i g t [  51 p o i n t [  21 o r i z a t i o n [  101 i o n  r a d i i  r 41 
( K) 
- -  
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TABm X I .  - CHEMTCAL EL;EMENTS ON SUBSTRATES - REFERENCE [ 31 
Metal - Film Work funct ion cp i n  
e V  by thermionic 
emission except 
as noted 
T i  - C 1  
T i  - C s  
N i  -H 
N i  -0 
N i  -0 
N i  - C s  
N i  -Ba 
Nb-cs 
MO - CS 
Mo-CS 
Mo-Th 























2.58 TE, PI3 
0.8 PE 
1.0 












Optimum coati.ng a t  C s  pressure of  
t o  Torr. 
Optimum coat ing  t o  Torr ) .  
Optimum coat ing t o  Torr ) .  
Optimum coat ing t o  Torr ) .  
Optimum coat ing  t o  lom2 Torr ) .  
Optimum coat ing  t o  Torr) .  
I .  -1 5- 
TABLE XI. - CHEMICAL ELESIENTS ON SUBSTRATES - REFERENCE [ 31 ( con't. ) 
Metal - Film Work funct ion cp i n  
e V  by thermionic 
emission except 
as noted 

















































Optimum coating a t  C s  pressure o f  
t o  Torr.  
-16- 
TABLE X I .  - CHEMICAL ELEMENTS ON SUBSTRATES - REFERENCE [ 31 ( con't)  
Metal - Film Work function cp i n  
e V  by thermionic 
emission except 
as noted 







2 .73  
2.77 
W-Th 2.86 TE, PE 
W-H-K 1. ao 
W-0 -Na 1 .72  
W -0 -K 1.76 
w-0-cs 0.72 
w-0-cs 1.44 
W -0 -Ba 1.34 
W -0 -Ba 1.34 
Re-Cs  1.98 
Re -Ba 2.3 
Re -Th 2.58 
Re -Th 3.15 
R e  -Th 3.16 
Tho2-& 1.0 
TE = Thermionic emission. 
PE = Photoelectric emission. 
CPD = Contact po ten t i a l  difference.  
Remarks 
Optimum coating t o  lom2 Torr).  




TABLE XII. - CHEMICAL COMEOUNDS ON SUBSTRATES - REFERENCE [ 31 
Substrate  - 
material 
A1-BaO 
T i  -BaO 




N i  -SrO 
N i  -BaO 
Ni-BaO 
N i  -BaO 
Z r  -BaO 
Z r  -BaO 
Z r  -BaO 










Work funct ion cp i n  eV by 
thermionic emission 
except as  noted 
Remarks 
1.80 Activated. 














1.2 - 1.1 
1.1 
1.2 - 1.Q 
1.22 
1.39 




Temperature 670' t o  870° K. 
Activated. 
Temperature 820' t o  920' K. 
Temperature 1000° K. 
Temperature 550' t o  900' K. 
Temperature 1000° K. 
Temperature 550' t o  900' K. 




1.3 Temperature 600' t o  870' K. 
-1 8- 



















Pt - CaO 






Substrate - Work funct ion cp i n  eV b y ,  Remarks 
m a t  e r i al thermionic emission 
except as noted 
1.15 Temperature 1000' t o  870' K. 




1.2 - 1.1 
1.1 
















1 . 7 1  
Temperature 600' t o  900' K. 
Activated. 
Activated. 
Temperature 820' t o  920' K. 
Temperature 550' t o  900' K. 
Temperature 1000° K. 
Temperature 550' t o  900' K. 
Activated. 
Activated. 
Activated a t  2150' K. 
Ba impurity present .  
Temperature 1980' K. 




TABLE X I I .  - CHEMICAL COMPOUNDS ON SUBSTRATES - REFERENCE [ 31 ( Con t. ) 
Substrate - Work function cp i n  eV by Remarks 
mater ia l  thermionic emis s ion 









w20 - cs 










0 .71  
0.71 
1.1 






Heat ac t iva ted  at  1073' t o  1173' K. 
PE = Photoelectr ic  emission. 
-20- 
















Ta(  110) 








Cs(a = c,, 
C s ( a  = am) 
C s ( a  = a,) 






Cs(a = am) i Cs(a = a,) 
m 
CS -F 
N i  Cs(a = am) 
N i  CsH 
W CsF 


























a = 1 9 x m  
(I - 1 . 2 ~ 1 0 1 ~  
T , / T ~ ~  = 1.75 
e 2 1, T - 600' K,  211 
F. E. 
-21- 
TABLE XIV. - CS ON SUBSTRATES 
Calculated minimum Experimental minimum cpe Typical values o f  
Ye [38I with optimum C s  coverage P f o r  cesium on 
cs a t  T = 473O K d i f f e r e n t  subs t ra tes  [ 391 
emi t te r  temp. q e  (ev) om(atoms/cm 2 ) 
(lOOO/T) min 
Metal 
( e 4  
T i  1.78 
v 1.79 




N i  1.79 
Z r  1.76 
Nb 1.78 
I40 1.78  
Tc 1 .78  
Ru 1 .78  
Rh 1 .78  
Pd 1.77 
Hf 1.78  
Ta 1 .78  
W 1.77 










562 1 .65  [ 31 
1.4 [ 441 
775 3.93 [ 31 
847 1.02 





820 3.62 [ 31 
8 70 1.11 [ 31 
840 1.53+0.05[ 341 1. 9 x d 4  
820 1.45k0.05[ 341 
685 
7 4 1  
7 69 
1.92 
1 . 9 5  
1 . 8 6  
2.24 
1 .95  
1 . 9 5  
1.85 
1.77 
1 . 6 6  
1.62 
1 . 6 3  
1.67 
1 .70  




1 . 6 1  
1.70 
1 .68  
1 .66  
-22- 









(Reference [ 31 except as noted) 









1 . 4  
1 .44  
1 . 4  - 1 . 6  
1.57 


















1.4  - 1.6 























6.21  (unactivated) 
4.96 








TABLE XVI. - WORK FUNCTIONS OF CARBIDES AND NITRIDES. 
Reference [ 31 
Work funct ion cp ( e V )  




3.85 ( 220O0K) 
4.0 ( 1300-2100°K) 
4.15 ( 180O0K) 
3.47 ( 300%) 
3.65 (1400'K) 
3.76 ( 2000°K) 













4.15 ( 1800°K) 











T i N  
Work funct ion cp ( e V )  





4.12 ( 180O0K) 






























B ~ - O  (:a
cs-c1 cs 
TABLE X V I I .  - NUMBER OF ADSORETION SITES 
Number of atoms i n  monolayer covering of  (100) plane 
w Ta 
1 . 0 0 3 ~ 1 0 ~ ~  0 . 9 1 7 ~ 1 0 ~ ~  
5 x d 4  4 . 5 8 5 ~ 1 0 ~ ~  
1.003~10~~ 0 . 9 1 7 ~ 1 0 ~ ~  
.I* 003Ai$5 0.9i'IxlO" 
1.00 3~10'~ 0.9 1 7 ~ 1 0 ' ~  
1 . 0 0 3 ~ 1 0 ~ ~  0 . 9 1 7 ~ 1 0 ~ ~  
14 
5 x d 4  4.585~10 
5 x d 4  4 . 5 8 5 ~ 1 0 ~ ~  
15 
1. O03x1Ol5  0 . 9 1 7 ~ 1 0 ~ ~  








5 . 0 0 5 ~ 1 0 ~ ~  
5 . 0 0 5 ~ 1 0 ~ ~  
1.01~1015 
5 . 0 0 5 ~ 1 0 ~ ~  
1. 01X1Ol5 15 
1.OlxlO 
5.005~10~~ 
5 . 0 0 5 ~ 1 0 ~ ~  
-25- 
G a s  
10 -I0 
TABLE X V I I I .  - SELECTED VAPOR PRESSURES 









1 LO 100 760 (%) 
50.5 59 70.5 85.2 53.5 
103 123 153 172 201 239 172.2 
199 226 262 312 345 388 456 387.0 
90.2 54.0 
-26- 
TAEXLE XM, - WORK FUNCTIONS I N  C m T A I N  CRYSTKL&CGRAPHIC 
Crys ta l  






DIRECTIONS ON MOLYBDENUM AND TUNGSTEN 
(A)  Molybdenum 
Thermionic Emission 
Coomes & Boeck [56] Coomes ( Gardner) [ 1 
Projection diode Project ion diode 
Chc.l...-< "CI LllllIyut. -.-- technique 
5.4 k0.2 
(A = 2500 51500) 
4.5 kO.1 
(A = 85 +35) 
4.5 kO.1 
(A = 118 k3O) 
4.3 kO.1 
(A = 25 510) 
4.2 kO.l 























d m  
+I M 
d II 

















































r ld  
II II 
4 4  
* L o  
C D C D  
V W  
d d  

























Polycrystal l ine 
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